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L10-FePt 001 and L10-FePt 110 dot arrays with well-defined geometry were fabricated through
the use of electron beam lithography and Ar ion etching. The lateral size of dots was varied in the
range from 0.20.2 to 55 m2. Coercivity Hc for the perpendicularly magnetized FePt 001
dots increases with decreasing the dot size. In the case of the FePt 110 dots with in-plane
magnetization, on the other hand, the dot size dependence of Hc is completely different from that for
FePt 001 dots: Hc shows a slight decrease as the dot size decreases. After annealing at 600 °C, the
values of Hc for both FePt 001 and FePt 110 dots are remarkably enhanced although the dot size
dependence shows similar behavior to that before annealing. The magnetization reversal for all the
dots occurs through the nucleation of reversed domains and subsequent domain wall propagation.
© 2006 American Institute of Physics. DOI: 10.1063/1.2335391I. INTRODUCTION
The areal density of magnetic recording has already ex-
ceeded 100 Gbits/ in.2, and the target region has gone up to a
stage of terabit recording, which is called “ultrahigh density
magnetic recording.”1 Although the magnetic bits with na-
nometer sizes are required to realize the ultrahigh density
magnetic recording, the thermal fluctuation of magnetization
is a crucial problem. One of the possible solutions to this
inevitable problem is to use materials with high magnetic
anisotropy. L10 ordered FePt alloy2 is the most promising
candidate material for such devices because of the large
uniaxial magnetic anisotropy Ku=7.0107 ergs/cm3, the
moderately high saturation magnetization Ms1150
emu/cm3, and the high corrosion resistance. Recently, a lot
of studies have been devoted to the fabrication and charac-
terization of FePt thin films3–10 and nanoparticles.11 In pre-
vious papers,12–15 it was reported that huge coercivities Hc
of the order of tens of kilo-oersteds were obtained in FePt
islandlike films, which were epitaxially grown on heated
MgO 001 single crystal substrates. On the other hand, ep-
itaxial continuous films exhibited low Hc in spite of high
Ku.
12 These results indicate that Hc strongly depends on the
film morphology, and the magnetization process in FePt al-
loy with reduced dimensions is clearly different from that in
the macroscopic-scale continuous film. In order to incorpo-
rate FePt alloy into magnetic storage devices, the under-
standing of the magnetization process in reduced dimensions
is of importance. In the FePt islandlike films mentioned
above, however, a large distribution of island sizes and a
variety of island shapes make it difficult to systematically
investigate the magnetization process.
The recent development of microfabrication techniques
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geometry, which are suitable for the precise analysis of the
magnetization process in reduced dimensions. Although a lot
of papers reported the magnetic properties for nanometer-
sized dots such as NiFe, Fe, Co, Co/Pt, etc.,16–19 only a few
studies on FePt dots have been reported to date.20,21 Since the
degree of chemical order is closely related to the magnetic
properties for the ordered alloys such as L10-FePt, it is es-
sential to develop a proper preparation process without the
degradation of chemical order. In a previous paper,22 we re-
ported that postannealing reduced the structural defects gen-
erated by microfabrication, resulting in the improvement of
hard magnetic properties in FePt 001 square dots with a
lateral size of 0.20.2 m2. Furthermore, the annealing
temperature Tann dependence of Hc for dots was completely
different from that for continuous films; Hc and Ku for dots
simultaneously increased with Tann, in contrast to the result
for continuous films showing no considerable change in Hc
in spite of the increase of Ku.
In this paper, perpendicularly magnetized L10-FePt
001 and in-plane magnetized L10-FePt 110 dot arrays
with a variety of dot sizes were fabricated on MgO 001 and
MgO 110 single crystal substrates, respectively, through the
use of a conventional microfabrication process. The depen-
dence of magnetic properties on the dot size and the direc-
tion of the easy magnetization axis was investigated for the
dots before and after annealing.
II. EXPERIMENTAL PROCEDURE
FePt thin films were prepared on MgO 001 and MgO
110 single crystal substrates using an ultrahigh vacuum
magnetron sputtering system. A 1 nm thick Fe seed layer and
a 40 nm thick Au buffer layer were first deposited on MgO
substrates at room temperature. Then, a 50 nm thick FePt
layer was epitaxially grown on the Au buffer layer at
© 2006 American Institute of Physics15-1
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043915-2 Seki et al. J. Appl. Phys. 100, 043915 2006300 °C. The epitaxial relationships for films prepared on
MgO 001 and MgO 110 substrates are
001FePt 001Au 001MgO, 100FePt 100Au 100MgO
and 110FePt 110Au 110MgO,
001FePt 001Au 001MgO, respectively. The film composi-
tions of FePt 001 and FePt 110 films were determined to
be Fe43Pt57 and Fe56Pt44, respectively, by electron probe mi-
croanalysis EPMA and inductively coupled plasma ICP
atomic emission spectroscopy. Previously, we reported23–26
that there were different optimum compositions for the for-
mation of L10 ordered structure at 300 °C between FePt
001 and FePt 110 films. A highly chemical order and high
perpendicular magnetic anisotropy were obtained at Pt-rich
compositions in the case of FePt 001 films prepared on
MgO 001 substrates. On the other hand, FePt 110 films
on MgO 110 substrates showed a highly ordered structure
around the equiatomic composition.24,27
The films were microfabricated into dot arrays using
electron beam lithography EBL and Ar ion etching. A sche-
matic illustration of the present microfabrication process is
shown in Figs. 1a–1e. First, a positive resist ZEP520A
was spin coated on a thin film. Then, an array of dots with a
square shape was patterned on the resist by EBL, and an
antidot array of the resist was obtained by developing the
resist. A 30 nm thick Ta layer was deposited on the antidot
array of resist as a mask for etching.28 After lifting off the
resist, the sample was etched with the Ta mask layer by Ar
ions. Finally, the dot array was obtained in the patterned area
of 33 mm2. The shape of the dots was square, and the
lateral size of the dots was varied in the range from 0.2
0.2 to 55 m2. The distance between two adjacent dots
was the same as the lateral size of the dots. The thickness of
the dots was fixed at 50 nm. Postannealing was performed at
Tann=500 and 600 °C for 2 h in ultrahigh vacuum.
Structural characterization was performed by x-ray dif-
fraction XRD with Cu K radiation. Magnetic properties
were measured by a superconducting quantum interference
device SQUID magnetometer. Magnetic domain observa-
tion was performed using magnetic force microscopy
MFM. The dot size and shape were confirmed using scan-
Downloaded 13 Feb 2009 to 130.34.135.83. Redistribution subject to ning electron microscopy SEM and atomic force micros-
copy AFM. Figures 2a–2c show typical SEM images
for FePt 001 dots with 55, 0.50.5, and 0.20.2 m2
sizes, respectively. It is confirmed that the dot arrays with
well-defined geometry have been fabricated. The shape and
FIG. 1. Schematic illustrations of the microfabrication
process. a Spin coating a positive resist, b patterning
and development, c deposition of a Ta layer, d lifting
off the resist, and e Ar ion etching.
FIG. 2. SEM images for FePt 001 dots with lateral sizes of a 5
5 m2, b 0.50.5 m2, and c 0.20.2 m2 c is reproduced from
Ref. 22.
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controlled even for 0.20.2 m2, which is the smallest size
among the present samples.
III. RESULTS AND DISCUSSION
A. FePt „001… dots
The results for as-patterned FePt 001 dots and an FePt
001 continuous film without postannealing will be shown
in this section. The XRD patterns for the FePt 001 dots
with 0.20.2 m2 size and an FePt 001 continuous film
are shown in Figs. 3a and 3b, respectively. The unlabeled
sharp peaks are due to the MgO substrate. Since only 00n
peaks are observed before and after patterning the continuous
film to the dots, there is no noticeable change of the prefer-
ential crystallographic orientation during the microfabrica-
tion process, indicating that FePt 001 dots are successfully
grown on the MgO 001 substrate. In addition to the FePt
002 and 004 fundamental peaks, the FePt 001 and 003 su-
perlattice peaks are also observed. This means that the FePt
dots consist of L10 ordered phase. However, the intensities of
all the FePt peaks decrease after microfabrication. One rea-
son for the decrease of the XRD intensities is the reduction
of the FePt volume due to etching. In addition, the shape of
the FePt 003 peak is diffusive, which possibly originates
from the degradation of chemical order by Ar ion etching.
The degree of long-range chemical order S, which is evalu-
ated from the ratio of the integrated intensities of the super-
lattice to fundamental peaks,4 is 0.5±0.2 for the dots. This
value is slightly lower than S=0.7±0.1 for the continuous
film. In the microfabrication process, we consider that the
sidewalls of the dots were damaged by Ar ion bombardment,
resulting in the generation of a lot of defects and disordered
phase at the edge of the dots. Although S slightly decreases
after microfabrication, it is noted that the L10-FePt 001
dots have been prepared. The dots with the other sizes also
show similar results.
Figure 4 shows the magnetization curves normalized by
the saturation magnetization Ms for the FePt 001 dots
with 0.20.2 m2 size. The solid and dashed curves repre-
sent the results with applied fields perpendicular and parallel
to the film plane, respectively. It is confirmed that the easy
magnetization axis is perpendicular to the film plane, which
is the same direction as that for a continuous film. Uniaxial
FIG. 3. XRD patterns for a FePt 001 dots with 0.20.2 m2 size and
b an FePt 001 continuous film reproduced from Ref. 22.magnetic anisotropy energy Ku was determined from the
Downloaded 13 Feb 2009 to 130.34.135.83. Redistribution subject to enclosed area between the magnetization curves in magnetic
fields parallel and perpendicular to the film plane. The shape
anisotropy energy was also corrected with the demagnetiza-
tion factor of an oblate ellipsoidal shape. Ku for 0.2
0.2 m2 is obtained to be 1.6±0.3107 ergs/cm3,
which is slightly smaller than that for the continuous film of
2.3107 ergs/cm3. In addition, a small but steep increase of
magnetization in low magnetic field is observed in the in-
plane magnetization curve. The decrease of Ku and that of
the in-plane component of magnetization arise from the ex-
istence of the disordered phase, which is consistent with the
XRD patterns showing the slight decrease of chemical order
Fig. 3.
B. FePt „110… dots
Figures 5a and 5b show the XRD patterns for as-
patterned FePt 110 dots with 0.20.2 m2 size and an
FePt 110 continuous film, respectively. The preferential
crystallographic orientation does not change between the
dots and the continuous film, which is similar to the result
for the FePt 001 dots. The FePt 110 superlattice peak char-
acteristic of the formation of the L10 ordered structure is
observed for both samples. The reason for the disappearance
of the FePt 330 peak for the dots is the degradation of chemi-
cal order by ion bombardment damage during microfabrica-
tion, showing a similar situation to that for the FePt 001
dots described in Sec. III A.
Figure 6 shows the magnetization curves normalized by
Ms for the FePt 110 dots with 0.20.2 m2 size. The
solid, dashed, and dotted curves represent the results with
FIG. 4. Magnetization curves normalized by Ms for FePt 001 dots with
0.20.2 m2 size. Solid and dashed curves represent the results with ap-
plied fields perpendicular and parallel to the film plane, respectively repro-
duced from Ref. 22.
FIG. 5. XRD patterns for a FePt 110 dots with 0.20.2 m2 size and
b an FePt 110 continuous film.
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plane and the perpendicular direction to the film plane, re-
spectively. The crystallographic axes shown here are those
for the MgO 110 substrate, which correspond to the axes
for FePt. The easy magnetization axis is the 001 direction
in the film plane, while the hard one is the 11¯0 direction. In
other words, the uniaxial in-plane magnetic anisotropy is ob-
tained. Ku from the area enclosed between the magnetization
curves measured along the in-plane 001 and 11¯0 direc-
tions was determined to be Ku= 1.8±0.3107 ergs/cm3.
This value is comparable to or slightly smaller than that for
the continuous films of 2.0107 ergs/cm3.
C. Comparison between FePt „001…
and FePt „110… dots
The magnetization curves measured in the perpendicular
direction to the film plane for FePt 001 dots and an FePt
001 continuous film are shown in Fig. 7a. The solid,
dashed, and dotted curves represent the results for the dots
with 0.20.2 and 55 m2 sizes and the continuous film,
respectively. Each magnetization curve is normalized by Ms
of the sample. No remarkable change of the magnetization
curve is observed for 55 m2 compared to that for the
continuous film, and Hc=0.5 kOe for 55 m2 is the same
value as that for the continuous film. With decreasing the dot
size to 0.20.2 m2, however, Hc increases obviously up to
2.7 kOe. Figure 7b shows the magnetization curves mea-
sured in the in-plane 001 direction for the FePt 110 dots
with 0.20.2 and 55 m2 sizes and an FePt 110 con-
tinuous film. The continuous film shows low Hc of 0.7 kOe,
which is comparable to that for the FePt 001 film. For the
dots with 55 m2 size, however, Hc increases drastically
up to 4.8 kOe, which shows a clear contrast to the result for
FePt 001 dots Fig. 7a. When the dot size decreases to
0.20.2 m2, Hc decreases slightly.
Figure 8 summarizes a Hc and b Ku as a function of
the dot size. The closed and open circles denote the results
for FePt 001 and FePt 110 dots, respectively. Hc remains
almost constant for the FePt 001 dots with the sizes above
11 m2. With decreasing the dot size below 11 m2,
Hc increases, and the maximum value of Hc=2.7 kOe is
achieved for 0.20.2 m2. On the other hand, Hc for the
FIG. 6. Magnetization curves normalized by Ms for FePt 110 dots with
0.20.2 m2 size. Solid, dashed, and dotted curves represent the results
with fields applied along the 001 and 11¯0 directions in the film plane and
the perpendicular direction to the film plane, respectively.FePt 110 dots increases drastically compared to that for the
Downloaded 13 Feb 2009 to 130.34.135.83. Redistribution subject to continuous film. As the dot size decreases, Hc tends to show
a small decrease. The values of Ku for both FePt 001 and
FePt 110 dots are of the order of 107 ergs/cm3 for all dot
sizes, although they decrease slightly with decreasing the dot
FIG. 7. Magnetization curves measured in the easy magnetization axis for
a FePt 001 dots and b FePt 110 dots. Solid, dashed, and dotted curves
represent the results for 0.20.2 and 55 m2 sizes and a continuous film,
respectively. Each magnetization curve was normalized by Ms of the
sample.
FIG. 8. a Hc and b Ku as a function of the dot size. Closed and open
circles denote the results for FePt 001 and FePt 110 dots, respectively.
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function of the dot size. The reduction of Ku with decreasing
the dot size is considered to be due to the degradation of
chemical order. With decreasing the dot size, the fraction of
the surface area to the volume of the dot increases. The sur-
face, especially the edge of the dot, was damaged by Ar ion
bombardment, which might lead to the reduction of Ku.
D. Annealed FePt „001… and FePt „110…
dot arrays
Although the increases of Hc are observed after pattern-
ing continuous films to the dots for both FePt 001 and FePt
110, the values of Hc are still not so high as expected from
Ku, more than 107 ergs/cm3. In a previous paper,22 postan-
nealing was reported to reduce the structural defects in FePt
dots introduced through the microfabrication process, lead-
ing to the enhancement of Hc. In this section, the effects of
postannealing on magnetic properties for FePt 001 and
FePt 110 dots are shown and compared between FePt 001
and FePt 110 dots.
The magnetization curves normalized by Ms for an-
nealed FePt 001 and FePt 110 dots with 0.20.2 m2
are shown in Figs. 9a and 9b, respectively. The direction
of magnetic field is the easy magnetization axis for each dot
array. The solid, dashed, and dotted curves represent the re-
sults for the dots annealed at Tann=600 and 500 °C and the
as-patterned dots, respectively. For both FePt 001 and FePt
110 dots, Hc obviously increases with Tann. Large values of
Hc=22 and 19 kOe are achieved for FePt 001 and FePt
110 dots, respectively, annealed at 600 °C. The steep steps
observed around zero applied field in the magnetization
curves for the FePt 001 dots suggest the partial existence of
the FePt phase with a low degree of order even after high
FIG. 9. Magnetization curves normalized by Ms for a FePt 001 dots and
b FePt 110 dots with 0.20.2 m2 size after annealing. The direction of
magnetic field is the easy magnetization axis for each dot array. Solid,
dashed, and dotted curves represent the results for the dot arrays annealed at
Tann=600 and 500 °C and the as-patterned dot arrays, respectively.temperature annealing, showing a low Hc.
Downloaded 13 Feb 2009 to 130.34.135.83. Redistribution subject to Figure 10 shows the magnetization curves normalized by
Ms for a FePt 001 dots with 0.20.2 m2 and b an
FePt 001 continuous film after annealing at Tann=600 °C.
The solid and dotted curves represent the results with applied
fields perpendicular and parallel to the film plane, respec-
tively. Ku for FePt 001 dots is evaluated to be 4.4±0.8
107 ergs/cm3, which is almost similar to Ku=5.8
107 ergs/cm3 for the continuous film. However, Hc
=22 kOe for FePt 001 dots is much larger than Hc
=0.7 kOe for the continuous film.
Figures 11 and 12 summarize Hc and Ku as a function of
the dot size, respectively, for Tann=600 °C squares and
500 °C triangles and as-patterned dots circles. The closed
FIG. 10. Magnetization curves normalized by Ms for a FePt 001 dots
with 0.20.2 m2 size and b an FePt 001 continuous film after anneal-
ing at Tann=600 °C. Solid and dotted curves represent the results with ap-
plied fields perpendicular and parallel to the film plane, respectively a is
reproduced from Ref. 22.
FIG. 11. Hc as a function of the dot size for Tann=600 °C square points
and 500 °C triangle points and as-patterned dots circle points. Closed
and open marks represent the data for FePt 001 and the FePt 110 dots,
respectively.
AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp
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110 dots, respectively. With increasing Tann, Ku and Hc in-
crease for all the dots. It is noted that the dot size dependence
of Hc after annealing shows similar tendency to that for the
as-patterned dots. High temperature annealing reduces the
structural defects and promotes the L10 ordering, which leads
to the enhancement of Ku. However, there is no correlation
between Ku and Hc as a function of the dot size.
The initial magnetization curves normalized by Ms for
FePt 001 and FePt 110 dots annealed at 600 °C are
shown in Figs. 13a and 13b, respectively. The solid,
dashed, and dotted curves represent the results for the dots
with 0.20.2, 0.50.5, and 55 m2 sizes, respectively.
The demagnetized state was achieved by thermally demag-
netizing at 500 °C, and then cooling down with no magnetic
field applied before the magnetic measurement. These mag-
netization curves showing a steep increase in a low applied
field region indicate that the magnetization process for the
dots is a typical nucleation type. Furthermore, the magneti-
zation easily saturates at low applied magnetic fields, indi-
cating that the domain walls are smoothly moved without
remarkable pinning.
Figure 14 shows the MFM images at the demagnetized
state superimposed on the AFM images for FePt 001 and
FePt 110 dots annealed at 600 °C. The dot size is 0.2
0.2 m2. The black and white contrast in the FePt 001
dots represents the upward and downward directions of mag-
netization, respectively. On the other hand, the contrast in the
FePt 110 dots arises from the magnetic poles of in-plane
magnetization. For both FePt 001 and FePt 110 dots, the
multidomain structures are formed at the demagnetized state.
These images are consistent with the results of the initial
magnetization curves shown in Fig. 13, which show a
FIG. 12. Ku as a function of the dot size for Tann=600 °C square points
and 500 °C triangle points and as-patterned dots circle points. Closed
and open marks represent the data for FePt 001 and FePt 110 dots,
respectively.nucleation-type magnetization process. It is noted that the
Downloaded 13 Feb 2009 to 130.34.135.83. Redistribution subject to multidomain structures are formed for both FePt 001 and
FePt 110 dots with 0.20.2 m2 size and the magnetiza-
tion process proceeds to the nucleation of reversed domains
and subsequently domain wall propagation.
E. Discussion
For all the FePt 001 and FePt 110 dots, the magneti-
zation curves show a nucleation-type magnetization process.
In spite of the same magnetization process, the different dot
size dependences of Hc are clearly observed between FePt
001 and FePt 110 dots: with decreasing the dot size, Hc
for the FePt 001 dots gradually increases in contrast to that
for FePt 110 dots which shows almost the same value or a
slight decrease. In the case of a nucleation-type magnetiza-
tion process, Hc may be determined by the distribution of
nucleation sites and the nucleation fields Hn generating a
reversed domain at each nucleation site. Once a reversed
domain appears in a continuous film, the domain wall propa-
gates all over the film resulting in low Hc in spite of high Ku
as shown in Fig. 10b. We may say that Hc for a continuous
film is determined by the lowest Hn in the film. For FePt
dots, on the other hand, the domain wall propagation is con-
fined in a dot. In other words, the domain wall does not
propagate over the dots. Therefore, the formation of dots
suppresses the domain wall propagation and leads to the in-
crease of Hc. The increase of Hc after patterning to dots is
similar to the previous experiment where Hc drastically in-
creased with changing the film morphology from a continu-
12
FIG. 13. Initial magnetization curves for a FePt 001 and b FePt 110
dots annealed at 600 °C. Solid, dashed, and dotted curves represent the
results for dots with 0.20.2, 0.50.5, 55 m2 sizes, respectively. Each
magnetization curve was normalized by Ms. The demagnetized state was
achieved by thermally demagnetizing at 500 °C, and then cooling down
with no magnetic field applied before the magnetic measurement.ous state to an islandlike state.
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magnetic material. One of the major different energies be-
tween the FePt 001 and FePt 110 dots is the magneto-
static energy. Magnetostatic energy Ed is expressed as29
Ed =
NMs
2
2
, 1
where N is the demagnetization factor. In this study, N in the
easy magnetization direction depends on the dot size because
the thickness of all the dots is fixed at 50 nm. As the dot size
decreases, the in-plane component of N Nx or Ny increases,
while the out-of-plane component of N Nz decreases.
Therefore, Ed for the FePt 001 dots decreases with decreas-
ing the dot size, while that for the FePt 110 dots increases.
These changes of Ed with the dot size are qualitatively con-
sistent with the experimental results of the dot size depen-
dence of Hc. Quantitatively, however, the changes of Ed are
found to be too small to explain the experimental results.
With the assumption that the three-dimensional shape of the
30
FIG. 14. MFM images at the demagnetized state superimposed on AFM
images for a FePt 001 dots with 0.20.2 m2 size and b FePt 110
dots annealed at 600 °C. The dot size is 0.20.2 m2. The demagnetized
state was achieved by thermally demagnetizing at 500 °C, and then cooling
down with no magnetic field applied before the magnetic measurement.dot is an oblate ellipsoid, Nx, Ny, and Nz are expressed as
Downloaded 13 Feb 2009 to 130.34.135.83. Redistribution subject to Nx = Ny =
4
2m2 − 1  m2	m2 − 1 cos−1 1m − 1 , 2
Nz = 4 − 2Nx, 3
where m is the ratio of the dot thickness 50 nm to the
lateral size of the square dot x nm, i.e., m=50/x. Figure 15
shows the calculated values of Ed in the easy magnetization
directions. Here, Ms of 1150 emu/cm3 Ref. 2 is used. The
closed and open circles represent the values for FePt 001
and FePt 110 dots, respectively. Ed for all the dots shows
the value of the order of 106 ergs/cm3, which is one order of
magnitude smaller than Ku. For instance, the difference in
the magnetic fields expected from Ed is 3 kOe between the
FePt 001 dots with 0.20.2 and 55 m2 sizes, which is
much smaller than the difference in Hc experimentally ob-
tained for the annealed dots. Therefore, it is obvious that the
dot size dependence of Hc is not understood from the change
of Ed. In order to discuss this discrepancy and fully under-
stand the detail mechanism of nucleation, more investigation
including the micromagnetic simulation should be required.
Kikuchi et al.20 reported the dot size dependence of Hc
for a single FePt 001 circular dot, which did not show the
remarkable increase of Hc with decreasing the dot size. Al-
though it was also reported that the magnetization process in
the dot is dominated by nucleation and subsequent expansion
of a reversed nucleus, the initial magnetization curves for
their samples did not saturate easily,31 implying that some
strong pinning sites for domain walls exist in a dot. On the
other hand, the present samples show that domain walls eas-
ily propagate. We consider that the difference in the domain
wall propagation leads to the difference in the dot size de-
pendences of Hc between our and their results.
IV. CONCLUSIONS
L10-FePt 001 and L10-FePt 110 dots with various
sizes from 0.20.2 to 55 m2 were microfabricated, and
the magnetic properties were investigated. Hc for the FePt
001 dots gradually increased with decreasing the dot size.
FIG. 15. Calculated values of magnetostatic energy Ed in the easy magne-
tization axes as a function of the dot size for FePt 001 and FePt 110 dots,
which are represented by closed and open marks, respectively.In the case of the FePt 110 dots, on the other hand, Hc
AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp
043915-8 Seki et al. J. Appl. Phys. 100, 043915 2006drastically increased even for 55 m2 compared to that
for the continuous film, and showed a slight decrease with
further decreasing the dot size. After annealing at Tann
=600 °C, Hc for both the FePt 001 and FePt 110 dots
with 0.20.2 m2 size enhanced up to about 20 kOe due to
the recovery from structural defects and the increase of Ku.
Patterning a continuous film to dots confines domain wall
propagation in a dot, and leads to the increase of Hc. One of
the important findings is that there exists a difference in the
dot size dependences between FePt 001 and FePt 110 dots
before and after annealing even though all the dots show
nucleation-type behavior. The dot size dependence of Hc for
FePt 001 and FePt 110 dots is not explained by the
changes of the magnetostatic energy.
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